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The life span of germ ceils is limited.  The viability of mature rabbit sperma- 
tozoa in the scrotal epididymis  is preserved  up to 38 days, but for only 30 
hours in the female tract following ejaculation (Hammond and AsdeU, 1926). 
Rabbit sperms can be kept in vitro for 96 to 168 hours at 10  ° or 15°C. without 
complete loss of fertilizing capacity (Hammond, 1930; Walton, 1930).  At body 
temperature, however,  the maximal survival time in  vitro  is  only 13  hours 
(Walton, 1930).  The relatively short life of mature ovarian follicles in the 
rabbit which appear and disappear  within the space of a few days (Smelser, 
Walton, and Whetham, 1934), indicates that the life span of mature ova in the 
absence  of  ovulation is  short.  After ovulation, rabbit  ova  are  capable  of 
fertilization in vivo only for 6 hours, as determined by Hammond (1934), or 9 
hours, as estimated by Pincus (1936). 
Following  the  discovery by  Ivanov  (1907, 1926) that  low  temperature 
storage prolongs  the viability of mammalian spermatozoa,  the effect of low 
temperatures on spermatozoa has been extensively investigated in recent years, 
due both to academic interest andto the practical value of artificial insemi- 
nation in animal husbandry (cf.  Anderson,  1945). 
The effect  of low  temperature on the ova of marine organisms  has been 
investigated in  connection  with the temperature coefficient of cell division 
(cf. Gray, 1931).  That the fertilized  ova of Ascaris equorum can be kept at 
0°C. for 2 months has been reported by Beams and King (1940).  The develop- 
ment of fish at various temperatures (9-21°C.) was studied by Worley (1933); 
triploid newts were obtained by exposing the fertilized ova to 0-3°C. (Fank- 
hauser and Griffiths,  1939; Griffiths,  1941).  The activation of unfertilized 
rabbit ova by means of high and low temperatures in vitro,  as well as in vivo, 
has been reported by Pincus and his associates  (Pincus  and Enzmann, 1936; 
Pincus,  1939 a;  1939 b; Pincus and Shapiro,  1940).  However,  the effect  of 
low temperatures on fertilized rabbit ova in vitro has not yet been investigated. 
In view of the fact that the life span of ejaculated spermatozoa is shorter 
at body temperature in vitro as well as in vivo than at low temperature in vitro, 
and in view of the fact that delayed implantation is fairly common in certain 
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mammals, Mustelidae and Muridae (cf. Asdell, 1946),  it was thought possible 
that the fertilized ovum might be kept in vitro at low temperature for a period 
of time without  loss of its capacity for  normal  development. 
This  paper  reports  a  series  of  experiments  dealing  with:  (1)  the  rate  of 
cooling and  the subsequent  viability of fertilized rabbit ova;  (2)  the optimal 
temperature for the preservation of the viability of fertilized rabbit ova;  (3) 
the normal development in vivo of rabbit ova transplanted after several days' 
storage at  low  temperatures in  vitro;  and  (4)  related observations including 
(a)  fertilization  of  superovulated  ova,  (b)  compatibility of  serum  and  ova 
from  different  animals,  (c)  viability of  ova  fertilized by  spermatozoa  from 
different animals. 
Materials and M etkods 
Superovulation  of  Rabbits.---,Adult  or 6  to  9  months  old non-pregnant  rabbits of 
mixed breeding were  injected 6  times subcutaneously with  sheep pituitary extract 
in order to stimulate the growth of a  large number of follicles (Pincus,  1940).  The 
rabbits  were  mated  or  artificially inseminated  (cf. Chang,  1946) just  before  the 
final intravenous injection of the same pituitary extract to induce ovulation.  About 
20  minutes before sacrifice, rabbits were  bled by heart puncture to  obtain serum. 
They were killed 24 to 24½ hours after insemination.  Usually four does were killed 
at  a  time.  The  ova were  flushed  out  from  the  oviducts with  pure  rabbit serum. 
About 100 ova could be recovered by these procedures when the total subcutaneous 
dose of pituitary extract was 57.6 r.u. and the ovulating dose  12.8  r.u. 
Serum as Storage and Culture Medium.--The serum was obtained by centrifugation 
of whole blood for 20 to 30 minutes at 2000 mP.M.  Homologous sera as well as hetero- 
logous sera were used for flushing, storage, and culture.  The origin of sera used in 
each  case was  recorded.  Fresh serum,  or serum  not  more than  24 hours old and 
kept in the refrigerator, was used throughout  this investigation. 
Manipulation  of Ova.--The  methods for the manipulation of ova were  those  de- 
scribed by Pincus  (1936).  The procedures were carried out  inside a  glass cabinet 
in the culture room kept at about 30°C.  After the ova had been flushed into a watch 
glass placed in a  Petri dish containing a  piece of moistened filter paper, they were 
examined under a  binocular dissecting microscope which was mounted in the glass 
cabinet.  Most of the ova thus recovered were in the 2-blastomere stage.  Occasionally, 
unfertilized, fertilized, but  not cleaved ova, and  3-4-blastomere ova were obtained, 
It was  quite easy to  distinguish the unfertilized from  the fertilized but  uncleaved 
ovum.  The latter has  one big or two  small nuclei resembling small light shallow 
discs.  The former is not clear, is without obvious nuclei (Fig. 1).  A group of about 
5 to  20 fertilized ova was picked up with a  pipette and dropped into a  very small 
pyrex flask filled to the neck with 1 ml. of pure serum.  These flasks were closed with 
a  small rubber bulb and tied with thread prior to the treatment at low temperature. 
Sterile conditions and  aseptic precautions were maintained as strictly as possible 
in the operating room, culture room, and  culture cabinet. 
Temperature  Control.--A  thermos  flask filled with ice and  kept in the cold room 
at  loC. was used as a  container for the storage of ova at 0°C.; ordinary serological ~.  c.  Cr~A~G  387 
baths kept in the same room were set upat 5  °,  10  °, or 15°C. for the storage of ova 
at  these  temperatures. 
In order to  control the rate of cooling, the small flasks containing ova were first 
dipped in a  500 ml. beaker containing 200 ml. of water at 25°C.  The beaker was 
transferred to a  refrigerator at 4°C.  The temperature of water in the beaker fell 
to 150C. in about 1 hour, to 10°C. in 2 hours, and to 5°C. in 4 hours.  This procedure 
was adopted to slow down the rate of cooling.  If cooling to 0°C. was required, the 
flasks were kept at 5°C. for 1 hour and then transferred to ice. 
Culture of Ova.--Mter the storage of ova at low temperatures for various lengths 
of time, the serum containing ova was sucked up with a pipette and dropped into a 
watch glass placed inside a  Petri dish.  It was then examined under the dissecting 
microscope.  The number of ova and the condition of the ova were recorded.  The 
ova were then transferred to a  10 ml. Carrel culture flask containing 4 ml. of serum. 
These culture flasks  were attached  to  a  shaker and incubated at  38°C.  (Shapiro, 
1939).  After 20 to 24 hours of  culture, the ova were taken out and examined to 
determine  their  viability. 
Criteria of Viability.--In  determining the viability, survival, and the death of the 
ova after incubation, the following methods and criteria were adopted.  The ova' 
were first examined with a magnification of 36, then with a magnification of 72.  If 
the serum was not clear enough, the ova were transferred to saline for detailed ob- 
servation.  The condition of the ova was recorded in the protocols.  In final treat- 
ment of the data, however, the condition of the ova was classified  as follows  (Figs. 
4  to  6): 
1. Dead  ova: 
1  blastomere: includes undeaved or  fragmented  uncleaved fertilized  ova. 
2-3 blastomere: includes regular 2-  or 3-blastomere ova; irregular or frag- 
mented 2- or 3-blastomere ova. 
2.  Abnormally cleaved ova  (retarded  cleavage and irregular cleavage). 
4-5 blastomere: 4- or 5-blastomere ova, in which the blastomeres were regular, 
irregular, or fragmented. 
6-8 blastomere: Ova with 6,  7, or 8 regular, irregular, or fragmented blasto- 
meres; also ova with 10 or more irregular blastomeres. 
3.  Viable ova. 
12-16  blastomere: regular  12-16  or  more  blastomere  ova.  Only ova  be- 
longing to  this category were  considered as  ova  viable after treatment; 
the percentage in each group was calculated. 
Histological  Techniques.--Ova,  after  different treatments, in addition to  exami- 
nation under the dissecting microscope,  were fixed in a clot of serum (Pincus, 1939  a) 
with Bouin's solution, sectioned at  10 micra, and stained with Harris' hematoxylin 
for  microscopic  examination. 
Transplantation  of  Ova  (Pincus,  1936).--The  recipient  doe  was  injected  with 
pituitary extract intravenously 18 to 24 hours previously in order to induce ovulation, 
Veterinary nembutal was injected intravenously and ether was administered later. 
The viable ova after culture were sucked into a pipette.  The tip of the pipette was 
inserted into the infundibulum  of the oviduct and the ova were evacuated by squeezing 
the  rubber bulb of the  pipette.  Four to  eleven ova were transplanted into each 
recipient  doe.  Aseptic  precautions  were  maintained throughout. 388  EFFECTS  OF  LOW  TEMPERATURES  ON  RABBIT  OVA 
EXPERIMENTAL RESULTS 
1.  The Rate of Cooling and the Survival and Viability of Fertilized Ova 
It was demonstrated by Chang and Walton  (1940)  that sudden cooling has 
a  harmful effect  ("temperature  shock")  on  the  subsequent  viability of ram 
spermatozoa.  These investigators also found that temperature shock can be 
prevented by cooling the ram spermatozoa gradually, in which  case the sub- 
sequent  viability  of  spermatozoa  is  benefited  by  acclimatization.  Experi- 
ments  were  undertaken  to  determine  whether  ova  are  also  subject  to  the 
harmful effect of sudden cooling, and whether slow cooling, "acclimatization," 
is  beneficial  to  subsequent  survival. 
TABLE  I 
The Effect of Slow Cooling and Rapid Cooling on the Subsequent Survival of Fertilized Rabbit Ova 
Storage 
temperature 
°C. 
0 
10 
Method of  No. of ova 
cooling 
Slow  41  { 
RaPid  45 
Difference  ..... t 
Slow  47 
Rapid  48 
Difference  .... 
Slow  31 
Rapid  34 
Difference ..... 
Ova dead 
;~er ce~ 
24.4 
33.3 
--8.9 
14.9 
10.4 
+4.5 
0 
2.9 
-2.9 
Abnormal 
cleavage 
per ¢enl 
12.2 
~.0 
-27.8 
10.6 
41.6 
--31.0 
19.3 
20.6 
--1.3 
Ova survived 
Normal 
cleavage 
per cent 
63.4 
26.7 
+36.7 
74.3 
47.9 
+26.4 
80.6 
76.5 
+4.1 
Total 
•er  celct 
75.6 
66.7 
+8.9 
84.9 
89.5 
--4.6 
99.9 
97.1 
+2.8 
Ova  of the  same  rabbit  were divided  into  two  groups  and  stored  in  two 
small flasks containing aliquots of the same serum.  One flask was immediately 
dipped into l0  °, 5  °, or 0°C. water (rapid cooling).  The other was cooled from 
25-10°C.  in  2 hours,  or cooled to 5°C.  in 4 hours,  or to 5°C.  in  4 hours  and 
acclimatized  at  5°C.  for  another  hour  before  dipping  into  ice  water  (slow 
cooling).  After storage at the respective temperatures for 24 hours,  the ova 
were transferred to a  Carrel flask and incubated for 24 hours at 38°C.  They 
were  then  examined.  Table  I  shows  the  composite results  of six  tests  for 
each treatment. 
It is evident from the data in Table I that rapid cooling to 0°C. was harmful 
to the subsequent viability of fertilized ova as compared with slow cooling to 
0°C.  The  difference  between  six  tests  for  each  treatment  is  statistically 
significant  (t  =  2.63,  p  <  0.05  >  0.02).  Although  the  difference  between 
slow  cooling and rapid  cooling  to 5°C.  was  not  statistically significant  (t  = 
1.30,  p  <  0.2  >  0.03), perhaps due to the small number of tests, considerable ~.  c.  CHANG  389 
difference is shown.  There was, however, not much difference between those 
ova cooled slowly or rapidly to  10°C.  This experiment indicates  that  ova, 
like spermatozoa, are subject to the harmful effect of rapid cooling "temperature 
shock," and that the rate of cooling plays an important part in the subsequent 
viability of ova when the storage temperature is low  (5-0°C.). 
It is interesting to note,  from Table I, that there was no difference in the 
percentage of dead and surviving ova (including normal and abnormal cleavage) 
after slow or rapid cooling to 0 °  or to 5°C.  But there was a  large increase 
in the percentage of abnormal cleavages when ova were cooled rapidly.  These 
facts show  that  rapid  cooling as compared with  slow  cooling did  not  really 
kill  the ova  but  did  impair  their  normal  functions.  In other words,  slow 
cooling or acclimatization did not prevent the death of ova at low temperatures, 
but did prevent the deterioration  of survivors during  the process of cooling. 
2.  The Optimal  Temperature for the Storage of Fertilized Rabbit Ova 
For the determination of the optimal storage temperature of fertilized ova, 
the ova were cooled slowly to 0 ° or to 5°C. according to the standard technique. 
Since there was no difference in the viability of ova following slow cooling or 
rapid cooling to 10°C., the ova were transferred directly from 25°C. to a water 
bath  at  10°C.  for storage.  Groups  of ova in  small flasks were placed in  a 
bath at  15°C.  or kept in the room (22-24°C.).  Mter storage for 1 to 7 days 
the  ova were  taken from the  small  storage flasks,  examined,  and  cultured. 
It  should be noted here that no one of the ova cleaved during the storage 
at 0-15°C.,  no matter how long they were kept there.  However, some ova 
did cleave once at room temperature. 
According to Gregory (1930)  and Pincus  (1936),  most ova are in a  16-32 
cell stage in vivo 48 hours after mating.  Since the ova used in this experiment 
were recovered 24 to 25  hours after insemination,  and since the ova did not 
cleave during storage, they should  be at the  16-32  cell stage after 24 hours' 
culture  if in dtro culture  has no adverse effect on the rate  of cleavage.  It 
is true that in some cultures, ova did cleave to the 32 cell stage  (Figs.  9 and 
10),  but  ova with  12  or more blastomeres  were also considered  as normally 
cleaved  (viable ova)  (Figs.  7  and  8). 
The complete results derived from 101 tests are presented in Table II.  In 
each determination,  3 to 8 tests were performed, 5  to 20 ova were examined 
in each test.  Text-fig. 1 shows graphically the viability of ova after storage 
at different temperatures for various lengths of time.  It is obvious that 10°C. 
is the  optimal temperature for the  storage of rabbit ova, since only at  this 
temperature viable ova were  obtained  after  144  hours'  storage. 
A temperature of 0°C. manifested a severe effect at the beginning (24 hours' 
storage),  while  a  temperature of  15°C.  manifested  a  beneficial effect at  the 
same time, but at either temperature the decrease of viability followed a rather 
similar course thereafter.  At  10°C.,  there was no  severe harm done  at  the 390  EFFECTS O~"  LOW  TEMPERATURES ON  RABBIT OVA 
beginning, but there was also protection against delayed deleterious changes. 
Thus,  10°C.  appears  to  be  the  optimal temperature.  Room temperature  is 
TABLE II 
The Viability of Fergllzed Rabbit Ova Cultured at 38°C. after Storage at Di~erent Temperatures 
for Various Lengths of Time 
Ova  survived after storage 
Storage 
time 
]~F$. 
24 
48 
72-80 
96-102 
120 
144 
Storage 
temperature 
°C. 
0 
5 
10 
15 
24 
0 
5 
10 
15 
24 
0 
5 
10 
15 
24 
0 
5 
10 
15 
0 
5 
10 
15 
10 
10 
No. of OVa 
41 
60 
45 
55 
43 
13 
68 
54 
30 
54 
120 
51 
51 
8 
60 
80 
39 
61 
39 
80 
52 
31 
55 
35 
Ova dead 
after storage 
p~" cent 
24.4 
11.6 
0 
5.5 
6.9 
7.7 
11.7 
16.6 
33.3 
33.3 
33.3 
17.6 
27.5 
75.0 
46.7 
47.5 
23.0 
59.0 
92.3 
63.8 
25.0 
83.8 
25.5 
80 
Abnormal 
cleavage 
~r~nt 
12.2 
10.0 
17.7 
9.1 
55.8 
30.8 
22.0 
31.4 
56.7 
18.5 
12.5 
23.5 
29.4 
25.0 
35.0 
17.5 
25.6 
29.5 
7.7 
30.0 
38.5 
16.1 
50.9 
20 
Normal 
cleavage 
iO¢r Gent 
63.4 
78.3 
82.2 
85.5 
37.2 
61.5 
66.2 
51.9 
10.0 
48.1 
54.2 
58.8 
43.1 
0 
18.3 
35.0 
51.3 
11.5 
0 
6.3 
36.5 
0 
23.6 
Total 
l~er ¢e~4 
75.6 
88.3 
100.0 
94.6 
93.0 
92.3" 
88.2 
83.3 
66.7 
66.6 
66.7 
82.3 
72.5 
25.0 
53.3 
52.5 
76.9 
41.0 
7.7 
36,3 
75.0 
16.1 
74.5 
20 
* Small number of ova tested, not shown in figures. 
not at all favorable for the storage of ova.  Perhaps  this temperature is not 
low enough  to inhibit the physiological activity of the living tissue,  with the 
result that some sort of exhaustion of vital energy" may occur in a  short time. 
It  is also possible that  deleterious changes  occur at  this  temperature. / 
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The number of normally cleaved ova present after varying periods of storage 
follows a more or less linear curve ~Text-fig. 1),  no matter what temperature 
was  employed,  with  the  possible  exception  of  storage  at  0°C.  Thus,  the 
percentage of viable ova decreased proportionally as time elapsed, though the 
rate of decrease was not the same at different  temperatures. 
The time factor is involved in  the evaluation  of a  favorable temperature. 
For a  storage of 24 hours, there was practically no difference between 5 ° and 
15°C.  For a  storage of 72 hours,  the difference between  10  °  and 5°C.  may 
not have been significant,  but there was a  difference between  10  ° and  15°C. 
After 72 hours, there was a difference at all temperatures employed.  It seems, 
therefore,  that the differential effect of various temperatures is exerted only 
after a  certain critical time of storage; i.e., after 72 hours. 
It  is  obvious  that  any particular  temperature  has  its  own  characteristic 
effect on the proportion of dead ova and the production of abnormally cleaved 
ova as shown in Text-figs. 2 to 6.  At the most favorable temperature (10°C.), 
the percentage of dead ova kept at a low level for a longer time then increased 
very fast on  the last  day.  At a  less favorable temperature  (0°C.  or 5°C.), 
it remained at a  low level for a  relatively short time,  but increased steadily 
thereafter.  At an u~avorable temperature (15 ° or 22  to 24°C.),  it increased 
steadily and rapidly from beginning  to end.  The percentage of abnormally 
cleaved ova followed neither the course of normally cleaved ova nor the course 
of dead ova.  At a  low temperature (0-10°C.), it stayed at low level for 3 to 
4 days, then increased steadily just before or during the time when the per- 
centage of dead ova increased, thereafter it fell at the end.  At a high temper- 
ature, such as at 15°C., it increased at the beginning; at a still higher temper- 
ature (22-24°C.), it remained at a high level at the beginning and then fell off 
rapidly.  The occurrence of a  high percentage of abnormally cleaved ova is 
more or less coincident with the increasing rate of death in ova, which shows 
that  the disintegration  of normal physiological functions precedes the death. 
Experiments were performed to determine whether or not the fertilized ova 
could  stand  vitrification.  Ova  kept  either  in  a  capillary  glass  tube,  or  in 
small  flasks,  or in  a  test  tube  (1  cm.  diameter)  with  pure  serum or serum 
containing 0.5  to  1 per cent of fructose to dehydrate  the ova slightly,  were 
dipped into solid carbon dioxide in acetone at a temperature of --65°C. for 30 
minutes.  The ova were cultured according to the standard technique.  Not 
one  of the  ova,  however,  survived  this  treatment. 
3.  The Normal Development of Young Following Transplantation  of Ova Stored 
at Low Temperatures for Several Days and Cultured at 38°C.  for 24 Hours 
The  results  of  this  experiment  are  presented  in  Table IIL  After  trans- 
plantation of ova stored at 0°C. for 78 to 102 hours, four litters of one to two 
young each were obtained.  Four litters (two to seven young) were delivered M.  C.  CHANG  393 
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from eight recipient does following transplantation of ova stored at 5°C. for 
48  to 80 hours.  Four litters of one to four young were delivered from five 
recipient does after transplantation of ova stored at 10°C. for 77 to 101 hours. 
One litter of one young was  obtained from two recipient  does  after  trans- 
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T£xx-Fie. 5. Normally cleaved, abnormally cleaved, and dead ova after storage 
at  15°C. 
plantation of ova stored at  15°C.  for  72  to  96  hours.  All the young born 
were healthy,  normal,  and  genetically true  to  their real parents  (Fig.  20). 
Finally,  four  does  (Nos.  3-45,  2-80,  3-53,  and  3-77)  were  transplanted 
with normally cleaved  ova after culture  following storage at  10°C.  for  120 
to  144 hours.  None of them  became  pregnant.  One doe  (No.  3-64),  who 
received four normally cleaved ova following storage of 101  hours at 5°C., 
did not become pregnant.  One doe (No. 2-79),  who received  six ova which 
had shown retarded cleavage at 38°C.  following 120 hours' storage at 5°C., 
gave  birth  to  one  small  abnormal  offspring  at  full term.  Considering the M.  c.  C~TG  397 
small litter size in cases of successful transplantation and the failure of preg- 
nancy after longer times of ova storage, it is evident that the ova which cleaved 
normally in culture are not necessarily sufficiently viable for full development. 
It should be noted here that the sex ratio of young (19 males vs.  13 females) 
has not been disturbed after low temperature treatment of the fertilized ova. 
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TEXT-FIG. 6.  Normally cleaved, abnormally deaved, and dead  ova after storage 
at  2CC. 
Table IV, derived from Table III, shows the probability of normal develop- 
ment following transplantation of ova stored at low temperature and cultured; 
i.e., the number of ova transplanted and the number of normal young obtained. 
Though the  number  of cases  is  too  small  for any definite conclusions,  the 
table indicates (1) that the ability of ova to develop into normal animals was 
better when the ova were stored at the low temperatures,  0-10°C.,  and  (2) 
that the probability of development of those ova normally cleaved in culture 
after 2 to 4 days' storage was  1 out of 4. 398  EFFECTS  OF  LOW  TEMPERATURES  ON  RABBIT  OVA 
TABLE  III 
Normal Devdopment  of Young Rabbits Following  Transplantation  of Ova Kept at Low 
Temperatures for 2 to 4 Days and Cultured  at 38  ° for 1 Day 
No. Of 
ova  Stor-  Fertilized Time  trans. 
age ' Reclp-  Ova  by  [  of  Length of 
tem-  ient  from  sperm  Stor  -a --~  pregnancy 
pera-  doe  of  ~  age 
ture  L  R 
°C.  days 
0  Alb.  ~hin.  Chin.  78  5  4  34 
Chin.  :hin.  Chin.  78  5  4  34 
Chin.  Vhite  Alb.  96  6  0 
Red  db.  Alb.  102  3  2  31 
5  Bla.  Alb.  Alb.  48  4  3  No pregnancy 
Engh.  Alb.  Alb.  48  3  3  No pregnancy 
Bla.  White  AnEng.  48  5  5  32 
Bla.  White  AnEng.  48  5  3  30 
Bla.  Alb.  Alb.  80  4  4  No pregnancy 
Red  Chin.  Chin.  80  5  5  35 
Red  Chin.  Chin.  80  5  6  No pregnancy 
Bla.  Alb.  AnEng.  80  5  2  31 
Alb.  Alb.  AnEng.  101  4  0  No pregnancy 
Bla,  Alb.  AnEng.  120  6*  0  32 
10  Bin.  Alb.  AnEng.  77  3  3  31 
Bla.  Alb.  AnEng,  79  6~  0  31 
Bla.  White  Alb.  96  4  4  33 
Bla.  Alb.  Alb.  101  7  0  34 
Engh.  Alb.  Alb.  101  5  0  No pregnancy 
Alb.  Alb,  Engh.  120  4  0  No pregnancy 
Bla.  Alb.  Alb.  120  2  2  No pregnancy 
Alb.  Alb.  AnEng.  120  3  3  No pregnancy 
Alb,  Chin.  Chin.  144  0  6  No pregnancy 
--lw 
15  Chin.  Chin,  Chin.  72  5  4  31 
Alh.  Red  AnEng.  96  3  4  No pregnancy 
Young 
I  Chin.  I  Chin.  2 
t:Chin,  t 
2 normal  2 
fetuses 
1 degenero 
stedfetus 
1Alb.  1Alb.  2 
1 White  1 White  5 
1 Chin.  1 Chin. 
1 Engh. 
3 White  1 Engh.  7 
1 Alb.  I White 
1 Alb. 
1 Chin.  1 Chin.  2 
2 White  1 White  3 
A small ab- 
normal 
1 Alb.  1 Engh.  2 
3 Alb.  4 
1 Engh. 
1 White  1 
2 Alb.  2 
l  Chin.  1 
Rera~rks 
Recipient 
mother 
died 
Alb., albino; Engh., English; AnEng., English Angora; Chin., chinchilla;  Bla., black; Red, red; White, white, 
* Ova arrested cleavage. 
Two of these ova arrested cleavage. 
4.  Other Related Observations 
Although  this study was mainly concerned with the effects of low temper- 
ature on fertilized rabbit  ova, it revealed  other biological facts which  seem 
worth  recording in  this paper. 
(a)  Number  of Ovulations  Following  Gonadolrophin  Injections,  Number  of 
Ova  Recovered, and  the  Fergilization  of Superovulated  Ova.--Sheep  pituitary ~.  c.  C~ANG  399 
extract was injected  subcutaneously  into  rabbits  6  times at  intervals  of  12 
hours in order  to stimulate  the growth  of a  large number of follicles.  The 
extract in saline was injected in doses of 2.4 rag. (9.6 r.u.) each time.  At the 
seventh injection,  3.2 mg.  (12.8 r.u.)  of the same extract was injected  intra- 
venously just  after mating or insemination.  Animals were killed  24 to  24½ 
TABLE IV 
Probability of Normal Development Following the Transplantation of O~a Stored at Low Tempera- 
tures for Various Lengths,  r Time and Cultured at 38°C. for 24 Hours 
Temperature 
employed 
°C. 
0 
10 
15 
Time of storage 
~f$. 
78 
78 
96 
102 
Total. 
48 
48 
48 
48 
80 
80 
80 
80 
Total. 
77 
79 
96 
101 
101 
Total.. 
72 
96 
Total.. 
No. of normally 
cleaved ova 
transplanted 
9 
9 
6 
5 
29 
7 
6 
I0 
I0 
8 
i0 
11 
7 
69 
6 
6 
8 
7 
5 
32 
9 
7 
16 
No. of normal 
young produced 
2 
1 
2 
2 
7 
0 
0 
5 
7 
0 
2 
0 
3 
17 
2 
4 
1 
2 
0 
9 
1 
0 
1 
Per cent of 
development 
24 
25 
28 
6.2 
hours later and the ova were flushed out within the next 30 minutes.  Table V 
presents the data obtained in these experiments. 
It is quite clear that the average number of ovulations was increased about 
three  times  over normal by gonadotrophic  stimulation.  About  19  per  cent 
of does produced the normal number of ova (two to thirteen) even after stimu- 
lation with gonadotrophin.  However, about 81 per cent of does had super- 
ovulated (fourteen to sixty ova), and 36 per cent of does gave a great number 
of ova (thirty  to sixty)  following gonadotrophic stimulation. 400  EFFECTS  OF  LOW  TEMPERATURES  ON  RABBIT  OVA 
About 15  per cent of the ova could not be recovered.  This could not be 
ascribed only to faults of flushing or manipulation.  It may have been due to 
(1) the loss of ova in the body cavity owing to the inefficiency  of the infundibula 
in catching the large number of ova, or (2) to the absence of  ova in the folli- 
cles. 
The  number of  unfertilized ova  was  8  per  cent; fertilized  but uncleaved 
ova, 9 per cent; 2-blastomere ova, 78 per  cent; and 3-4--blastomere ova, only 
TABLE V 
S u per ovulation of Does by G  onadotr o  p hin Injections and the Fertilization  of Super ovulated Ova by 
Mating or Artificial Insemination 
Total No. of does 
85 
Average per doe 
Range 
Total No. of ova recovered  Total 
No. of 
ovulation  I  Fertilized  I  2  [  34  [ 
points  Unfertilized  but  "  ]  Total 
uncleared  blastomeres  blastomeres 
I 
2311  162  170  1534  96  1962 
27.2  1.9  2.0  18.0  1.1  23.1 
2-60  0--34 [  0-36 I  0-46 [  0-30  [  1-51 
Does ovulated (less than 14 ova) ...............................  18.8 per cent 
Does superovulated  (more  than 13 ova) .........................  81.2 per cent 
Does ovulated (more than 29 ova) .............................  36.5 per cent 
Ova lost .....................................................  15.0 per cent 
Ova recovered  ................................................  85.0 per cent 
Unfertilized ova ..............................................  8.3 per cent 
Fertilized but uncleaved ova ...................................  8.7 per cent 
2-Blastomere ova .............................................  78.2 per cent 
3-4-blastomere  ova ...........................................  5.0 per cent 
Sterile does ..................................................  10.6 per cent 
Fertile does ..................................................  89.4 per cent 
Total No. of does in luteal phase ...............................  17 
Total No. of sterile does in luteal phase ..........................  5 
No. of sterile does in luteal phase ...............................  29.4 per cent 
5 per cent.  In view of the observations by Gregory (1930) and Pincus (1936), 
these figures show that the ovulation after repeated subcutaneous and a  final 
intravenous injection of gonadotrophin, occurred in about  10 hours,  similar 
to  the  situation in  normal mating.  However,  8  per  cent  of  the  ova  were 
probably shed too early to be viable for fertilization or too late to meet the 
viable sperms and .thus did not get fertilized.  About 9  per cent of the ova 
were probably shed  1 to 2  hours late, since they were fertilized but did not 
cleave.  About 5 per cent of the ova were apparently shed 1 to 2 hours earlier, 
since  they  had  cleaved  twice  (Gregory,  1930). M.  C.  CHANG  401 
TABLE VI 
Absence of Effect of Homologous Serum and Helerologous Serum on the Viability of Fertilized Ova 
Temperature  TimestorageOf  HomologOUSova  serum  _  HeterologOUSova  serum 
Mean  ..... 
5 
Mean ...... 
10 
Mean... 
15 
Mean. 
Mean of total... 
Normal  Abnormal  Dead  NormM  Abnormal 
*C.  hrs.  per cent  per ~  per ce~  per ce~  per cen~ 
0  24  71  29  0  43  14 
5O  0 
IO0  0 
72-80  50  50  0  69  8 
14  30  57  75  25 
33  0  67 
96--102  40  33  26  0  41 
0  16 
36  57  7 
41  33  26  48  15 
24  100  0  0  93  7 
80  59  18  24  57  21 
65  0  36  64  18 
120  0  0  100  0  44 
56  5  40  54  23 
24  86  14  0  80  20 
88  12  0  80  20 
72-80  65  15  20  67  33 
96-101  53  40  7  50  17 
120  57  43  0  45  10 
44  56  0 
66  30  5  64  20 
48  33  29  39  80  20 
38  50 
96  0  18  82  0  33 
16  24  60  39  34 
49.6  24.6  25.8  52.1  20.3 
Dead 
per cent 
43 
50 
0 
23 
0 
59 
84 
37 
0 
21 
18 
56 
24 
0 
0 
0 
33 
45 
16 
0 
13 
67 
27 
27.0 ~o2  EFFECTS  OF  LOW  TEMPERATURES  ON  RABBIT  OVA 
It is of  interest  to note that the incidence of sterile  does  (does which had 
no ovum  fertilized)  following superovulation was 10.6  per cent,  whereas  the 
percentage of sterile does following normal mating has been reported as 20.4 
(Hammond, 1934)  and 14.2  (Chang, 1946).  In view of the fact that not one 
of  the  superovulated  does  failed  to  ovulate  after  intravenous  injection,  it 
is most probable that the high percentage of sterile does occurring after normal 
TABLE VII 
The Relative  Viability of Ova Fertilized by Spermatozoa  of Different  Males 
Onl,' ova stored at IO°C.  for various lengths of time were ~resented. 
Time of 
.storage 
hf$, 
24 
72-78 
96 
120 
144 
168 
J,f 
enl 
67 
57 
65 
38 
35 
No. 5 
Ova 
::1o2: 
19  43  I 
55  10i 
40[  6o~ 
No. 8 
Ova 
per  F per  I pe, 
..t  t  ..t  Ice. 
No. 9 
Ova 
17 
I  33 
17 
38 
33 
60 
E 
per 
:enl 
86 
88 
57 
45 
No. I0  No. 11 
Ova  Ova 
per  per  ,er  ~er  i  per 
¢¢n$  6¢n$  P,n  e~  cent 
14  0  8(  14  0 
13  0  O(  C  0 
8(  14  0 
I 
43  0  •  5~ 
9  45 I  (  2C 
I 
74  26  I 
0  I00 
7 
0 
80 
mating is mainly due to the failure of ovulation, although some animals proba- 
bly might have ovulated too early or too late.  In this regard, it appears that 
about  10 per cent of the rabbits  ovulated too early or too late after admin- 
istration  of  gonadotrophin. 
It is also of interest  to note that does could be superovulated even when 
they were in the luteal phase as shown by the presence of corpora lutea in the 
ovaries.  However, the percentage of sterile  does at luteal phase was higher 
than  the average of the 85  does studied  (29 per cent vs.  10.6  per cent),  and 
the percentage of unfertilized ova was also higher (25.4 vs. 8.3).  In contrast, ~.  c.  CHANG  403 
the number of ovulations was only slightly less in the does at the luteal phase 
(average 22.1 vs. 27.2 per rabbit). 
(b)  Absence  of Incomparability  of Serum  and Fertilized  Ova.--Since  pure 
rabbit serum was used for the flushing, storage, and culture of fertilized rabbit 
ova, it is important to ascertain whether or not there exists any  incompata- 
bility  of  serum  and  ova from  different  animals. 
Homologous serum  (ova flushed and stored with the female's  own serum) 
or  heterologous  serum  (ova  flushed and  stored with  the  serum  of  another 
animal) was used throughout the experiment as a medium for storage  of the 
ova.  Mter  storage,  in  most  cases,  the  ova were  cultured  in  heterologous 
8eruIn. 
Table VI presents  data  which  show  that  there  was  no difference in  the 
percentage of normal, abnormal, and dead ova when flushed and stored with 
homologous serum  or with heterologous serum.  In  other words,  there was 
no incompatability between serum and ova.  Furthermore, there was no ill 
effect of heterologous serum on the subsequent development of stored ova in a 
normal animal. 
(c)  Viabil#y of Ova in Relation to the S_permatozoa of Di~erent Male Animals.-- 
Since the spermatozoa of only 5  bucks were used to fertilize the ova of 85 
does, it was thought that there might be a  difference in the viability of ova 
owing to the fact that the ova were fertilized by the spermatozoa of different 
bucks.  In other words, the viability of ova may be affected by the sperma- 
tozoa of a particular buck.  Table VII presents the comparable data on the 
viability of ova fertilized by these 5 different bucks.  All the ova were stored 
at 10°C. for various lengths of time.  This table illustrates quite clearly that 
there was no difference in the viability of ova fertilized by the spermatozoa 
of different bucks.  It  can be postulated,  therefore, that  once the  ovum is 
fertilized,  its  viability  is  independent  of  the  male  characteristics.  Male 
gametes,  apparently, play no r61e in the viability of ova. 
DISCUSSION 
Since the time that  Milovanov  (1934)  found  that  sudden  cooling  had  a 
deleterious  effect which  he  termed  "temperature  shock"  on  spermatozoa, 
several  investigators  have  confirmed  this  observation  in  different  species, 
and have found that slow cooling prevents temperature shock (el. Anderson, 
1945).  It was found in recent years that  "temperature shock" can" be pre- 
vented by diluting sperms with yolk buffer (Phillips and Lardy, 1940; Meyer 
and Lasley, 1945).  It was rather surprising in the present experiments that 
ova which  contain yolk were also  subject  to temperature shock.  It seems 
that  this observation broadens the physiological significance of temperature 
shock. 
It is hard to say whether the damage done to the ovum in  the course of 404  EFFECTS  OF  LOW  TEMPERATURES  ON  RABBIT  OVA 
rapid  cooling is in the cytoplasm or in the nucleus,  or in a  certain  stage of 
mitosis.  Histological  examination  revealed  little  or  no  difference between 
those  ova cooled rapidly and  those  cooled slowly. 
It  was  noticed during  this  study,  however,  that  after various lengths  of 
storage at low temperature, especially rapid cooling to 0°C., the cells of some 
ova before culture were not in good shape, and exhibited swelling, darkness, 
or roughness of cell membrane.  But there was no great deterioration of the 
zona pellucida even after longer periods of storage at low temperature (Figs. 
2 and 3). 
It was noticed in most cases that ova with swollen blastomeres would recover 
normal shape or fairly good shape after 3 to 4 hours of culture at 38°C., and 
in some cases these ova did cleave normally.  It seems that the swelling or 
darkness of cells was only one of the effects due to rapid cooling.  There may 
be  other mechanisms  of deterioration by rapid  cooling which  the  available 
histological facts could not reveal. 
The harmful effect of temperature shock on the living cells has been demon- 
strated in the case of spermatozoa, and now in the case of ova.  It was claimed 
by Fankhauser  (1942)  that  temperature  shock  is  necessary in  order  to  let 
cold reach the maturation spindle before anaphase in order to produce triploidy 
in  the  newt.  That  sudden  changes  in  weather  may  induce  polyploidy in 
plants  was shown by Belling  (1925).  It seems,  therefore, that temperature 
shock  must  disturb  normal  nuclear  behavior,  arresting  spindle  formation 
as in the case of polyploidy or upsetting one part of the intrinsic chain reaction 
in nucleus or in cytoplasm at a particular stage. 
Since all the facts indicate that a temperature below 15°C.  was suitable for 
the survival of germ cells in vitro, and,  as pointed out by Crozier (1926),  a 
critical temperature for major biological processes is in the vicinity of 15°C., 
it  seems quite clear that  the main principal means  of preservation of germ 
cells at low temperature is to stop or to slow down all or some of  the major 
biological  processes  with  resulting  prolongation  of  the  life  span  of  germ 
cells. 
It is interesting to note that in the ova stored at temperatures below 15°C., 
no cleavage occurred but there was a  longer survival.  At a  temperature of 
22-24°C.,  some of the ova cleaved once but all died very early.  At 38°C., 
they cleaved normally for a longer time; e.g., blastocytes were obtained in this 
laboratory after 5  to 6 days' culture of two  blastomere  ova in pure  serum. 
The differential effect of various temperatures on the physiological reactions 
of living  tissue  is  clearly shown. 
The effects of low temperature on germ cells have several interesting features. 
When low temperature at 4--6°C. was applied to unfertilized ova of the rabbit 
in vitro or in vivo, parthenogenetic activity ensued (Pincus, 1939 a; Pincus and 
Shapiro,  1940).  When ice was  applied  to the scrotal testis  and epididymis ~r.  c.  canna  405 
reducing the temperature to 1-3°C., the mature spermatozoa in the epididymis 
were  disintegrated,  causing separation  of head  and  tail,  but  there  was  no 
harm done to spermatogenesis (Chang, 1943).  Nevertheless, spermatozoa of 
rabbit recovered from the epididymis can be kept at 0°C. for 60 hours in vitro 
without loss of their fertilizing capacity (Walton,  1930).  When a  freezing 
mixture of ice and salt was applied to scrotal testes at a temperature of --0.8 ° 
to --2.5°C., the seminiferous tubules atrophied but no harm was done to the 
interstitial tissue (Chang, 1946).  It is very interesting to note that the germ 
cells react to low temperature in such different ways depending on their physio- 
logical state and their relation to internal environment. 
The effects of low temperature on spermatozoa and fertilized ova may be 
different.  Namely, spermatozoa are haploid and their nucleus is in the resting 
and stable stage, while fertilized ova are diploid and their nucleus is in the 
active stage.  In recent years, it has been found that low temperature has 
the same effect as colchicine in arresting spindle formation in mitotic division, 
thereby  inducing  polyploidy.  That  colchicine  may  produce  monstrosities 
in rabbits was reported by Chang (1944). 
In  the application of artificial insemination in  the past  20  years,  no ab- 
normality or polyploidy of livestock following low temperature treatment of 
spermatozoa has been reported.  In  the present  study there  was  only one 
abnormal young developed by transplantation J  of 6  abnormally cleaved ova 
after a long period of storage at low temperature.  It may have been due to the 
disturbance of nuclear activity by low temperature.  Concerning the nuclear 
changes of ova after the treatment with low temperature in the present study 
(Figs.  1 to 19),  no obvious difference has yet been noticed in the nuclei of 
normally cleaved ova after culture with or without previous low temperature 
treatment.  The nuclei of most blastomeres were in the resting stage (Figs. 7 
and 9); occasionally active mitosis (Figs. 8 and 10) was found in some of the 
blastomeres  in  different  nuclear  phases.  However,  many  multinucleated 
blastomeres  and  distorted  nuclear  material  were  found in  the  blastomeres 
of most abnormal and retarded cleavages and in fragmented ova after culture 
following low temperature treatment  (Figs.  11  to  14).  It seems, therefore, 
that abnormal cleavage was due to disturbances of nuclear function.  Never- 
theless, once the ova withstood the low temperature without nuclear distur- 
bance they apparently cieaved normally in culture, and developed into normal 
young eventually.  It should also be noticed here that only 24 to 28 per cent 
of  normally cleaved  ova  could  develop  into  normal  young;  that  is,  some 
intrinsic disturbance was produced in apparently normally cleaved ova. 
Histological sections  of  fertilized  ova  after  storage  at  low  temperatures 
without culture revealed that low temperature exerted its effect at all stages 
of mitosis  (Figs.  15  to  19).  Thus,  all the different phases  of mitosis were 
observed in the blastomeres although most of them were in the resting phase. 406  EFFECTS  OF  LOW  TEMPERATURES  ON  RABBIT  OVA 
Since all the ova transplanted have been cultured at 38°C. for 20 to 24 hours, 
the culture for 24 hours may hinder the normal development of ova.  Experi- 
ments  have  been  undertaken  to  test  the  efficiency of  transplantation,  the 
effect of culture for various lengths of time, and the effect of low temperature 
storage for various lengths of time on the normal development of young.  The 
results will be published in a  subsequent paper. 
Since the discovery of gonadotrophin which stimulates the growth of large 
numbers of follicles and, consequently, induces superovulation, many authors 
have investigated the probability of obtaining multiple birth by superovulation 
in the laboratory animals as well as in the domesticated animals.  However, 
up to now, the results have not been promising (of. Chang, 1947).  The present 
investigation may open a  new field for the more efficient utilization of the 
germ cells of valuable animals.  Moreover, the study of genetics in mammals 
by  experimentation,  for  example  the  physical  and  chemical  treatment  of 
mammalian zygotes, is handicapped by the difficulties in manipulation and the 
fragility  of  zygotes in  ~ilro.  Since  the  present  investigation  demonstrates 
that the fertilized rabbit ova can be kept in vitro for several days without loss 
of their capacity for normal  development, it may offer a  new approach for 
experimentation in  mammalian  genetics. 
Fertilized rabbit ova at the 2-blastomere stage kept in rabbit serum were 
stored  at  low  temperatures  for  various  lengths  of  time.  They were  then 
cultured at 38°C. for about 24 hours to determine their viability.  A number 
of the viable ova were finally transplanted into recipient does. 
It was found that rapid cooling of ova to 5 ° or to 0°C. was more harmful 
to  the  subsequent  viability  of  ova  than  slow  cooling.  Rapid  cooling was 
not more lethal to the  ova than slow cooling, but  did prevent their future 
normal cleavage.  There was no difference between those ova cooled rapidly 
or slowly to 10°C.  It was concluded that temperature shock has an adverse 
effect on ova, especially at the lower temperatures, though temperature shock 
can be remedied by acclimatization (slow cooling).  Thus, the physiological 
significance of temperature shock would  seem  to be broadened. 
The optimal temperature for the storage of ova was investigated.  It was 
found that  10°C.  was  the best  temperature; at  this temperature viable ova 
were obtained after storage for 144 to 168 hours.  At 0 °, 5 °, or 15°C.  the ova 
were viable for 96 to 120 hours,  while at 22-24°C.,  only for 24 to 48 hours. 
The percentage of dead ova was low at a favorable temperature, increasing 
only at the end of the storage period.  At an unfavorable temperature  , how- 
ever, the rate of death increased steadily from beginning  to end of storage. M.  c.  cm~G  407 
The percentage of abnormally cleaved ova (arrested cleavage and fragmen- 
tation) remained at a  low level at first at a favorable temperature, but then 
increased just  before or during  death  of the  ova. 
A  critical time for the viability, the abnormal cleavage, and the death of 
ova was  characteristic of each temperature. 
About 24 to 28 per cent of the viable ova remaining after being stored at 
0-15°C.  for 2 to 4  days and cultured at 38°C. for 24 hours were capable  of 
development  into  normal  young. 
The compatibility of serum and ova, the absence of a  correlation between 
the viability of the ova and the source of the fertilizing spermatozoa, and the 
fertilization of superovulated ova (i.e., the percentage of fertile does in folli- 
cular phase  and  in  luteal phase,  the percentage of unfertilized ova and  of 
fertilized ova at different stages, the percentage of does that had produced a 
normal  number of ova  or had  produced  a  large  number  of ova,  etc.),  are 
reported. 
The possibility of a  more efficient utilization of the germ ceils of valuable 
animals  by means  of the present  techniques,  and  the possibility  of a  new 
approach to the experimental investigation of mammalian  genetics and  de- 
velopment, have been mentioned. 
This work was  accomplished  in the laboratory of Dr. Gregory Pincus,  to whom 
the writer is  very grateful for advice and  constant encouragement.  Thanks are 
due to Mr. Raymond A. Gunnerson for general assistance,  to Mr. Thomas Hilliard 
for photomicrography, to Miss Jenny Dinerstein for helping in the histological Work, 
and to the Foundation for Applied Research, San Antonio, Texas, for a grant. 
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temperatures,  J.  Gen,  Physiol.,  16,  841. 410  EFFECTS  OF  LOW  TEMPERATURES ON  RABBIT  OVA 
EXPLANATION OF PLATES 
PLATE  8 
FIO.  1.  Photograph  of fresh rabbit ova taken 24 to 25 hours after mating.  (a) 
Unfertilized.  (b)  Fertilized  but  uncleared.  Showing  two  nuclei  and  two  polar 
bodies.  (c)  Fertilized  2-blastomere  ovum.  These  ova  were  recovered  from  one 
rabbit.  X  I00. 
Fro.  2.  Fertilized rabbit  ova after  storage at O°C. for 3  days.  The blastomeres 
of the bottom ovum are more swollen than those of the top one.  X  100. 
FIG. 3.  Fertilized ova  after storage at  10°C.  for 4 days.  One of the blastomeres 
is  swollen,  perhaps  died.  X  100. 
FIG. 4.  Three  ova  stored  at  0°C. for 3 days and cultured at 38°C. for 24 hours. 
One  dead  ovum  (a),  two  abnormal  cleaved  (b and  c).  X  100. 
FIG. 5.  Two ova stored at 5°C. for 3 days and cultured at 38°C. for 24 hours.  One 
retarded cleavage (a), one normal cleavage (b).  X  100. 
FIG. 6.  Three  ova stored at 10°C.  for 4 days and cultured at 38°C. for 24 hours. 
One  abnormal  cleavage, two  of  them  normal cleavage.  X  100. 
FIG.  7.  Photomicrograph  of  one section of an ovum  stored at 5°C.  for 24 hours 
and  cultured for 24 hours at 38°C.  Normal cleavage, 12-15  cell stage.  Nuclei at 
prophase.  X  325. 
FIG.  8.  Section  of an ovum stored at 5°C.  for 3  days and cultured for 24 hours. 
Normal cleavage, 12-15  cell stage.  One of the cells in  anaphase.  X  325. THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  VOL.  31  PLATE  8 
(Chang: Effects of low  temperatures on rabbit ova) PLATE  9 
FIG.  9.  Section  of  an ovum stored at 5°C. for 24 hours  and  cultured  at 38°C. for 
24 hours.  32 or more cells.  Normal cleavage.  X  325. 
FIG.  10.  Section  of  an ovum stored at  10°C. for 24 hours  and  cultured.  Normal 
cleavage, 32  or more  cells.  Metaphase  is shown  in  one of the  cells.  X  325. 
FIG.  11.  Section  of  two ova stored at 0°C. for 24 hours and  cultured.  Abnormal 
cleavage.  Vacuoles  in  the  cells.  X  160. 
FIc.  12.  Section  of  three  ova stored at  5°C.  for 4  days  and  cultured.  Retarded 
cleavage,  4-6  cells.  X  160. 
Fro.  13.  Section  of  an  ovum  stored  at  5°C. for 4  days  and  cultured.  Abnormal 
cleavage.  Showing  multinuclei.  X  325. 
FIG.  14.  Section  of an ovum stored at 22-24°C. for 24 hours  and cultured at 38°C. 
for  24  hours.  Cells  swollen  under  dissecting  microscope.  Showing  compact  cells 
and  multinuclei.  X  400. THE  JOURNAL  OF  GENERAL  PHYSIOLOGY VOL. 31  PLATE  9 
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FI(;.  15.  Section of two fertilized ova storcd  at 0°C. for 3  days.  Without  further 
culture.  ×  160. 
FIG.  16.  Section of two fertilized fresh ova.  No striking difference  between  Figs. 
15  and  16.  ×  160. 
FIG.  17.  Section of an  ovum (2  blastomeres)  stored at 0°C. for  3  days,  no  further 
culture.  At  metaphase.  ×  325. 
Fro.  18.  Section  of  a  fresh  ovum  (2  blastomeres).  In  the  middle  of  anaphase. 
X  325. 
FIG.  19.  Section  of  a  fertilized  ovum  (fresh)  at  4  blastomere  stage.  Nuclei  at 
resting.  X  325. 
Fro.  20.  Doe  with  her  four  young.  They  were  developed  from  ova  stored  at 
10°C. for 79 hours  and  cultured  at  38°C.  for  24  hours.  One  English,  three  albino. 
Site of incision  is shown. THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  VOL.  31  PLATE  10 
(Chang: Effects of low  temperatures on rabbit ova) 